Introduction
... 8
Granites .
. 8
Diabase 9
Cataclastie rocks 10
Rhyolite porphyry and other volcanic rocks 11 
ABSTRACT
Crystalline basement rock has been encountered in the bot tom-hole samples of about I") wells in Iowa. Fairly detailed stud ies of the samples from most of these wells have been made. Granite is the predominant rock type thus far encountered, fol lowed by diabase in order of abundance. A summary description of the different kinds of crystalline rocks that have been en countered is presented along-with a convenient table listing the pertinent data for each well. An index map showing the location and relationship of these wells one to another is included. De tailed descriptions are available in the open files of the Iowa Geological Survey.
INTRODUCTION PURPOSE AND SCOPE OF REPORT
This report summarizes a rather extensive study of the bottomhole samples of all wells in Iowa which penetrate to basement complex rock. Of the thousands of wells drilled in the state, only about 45 reached crystalline rock and these are unequally dis tributed in 18 counties, as shown by table 1 and plate 1. Samples are available from only 38 of the wells.
The intention of the writer is (1) to tabulate in convenient table form all wells which reach basement complex rock; (2) to show the location and relationship of these wells one to another on an index map and; (3) to present a summary description of the different kinds of crystalline rocks that have been en countered.
METHODS OF STUDY
This report is based largely on binocular and petrographic study of well cuttings and on study of thin sections of available cores. Also, much use was made of immersion methods applied to crushed drill chips, acid treatment of selected fragments, and magnetic susceptibility checks.
Most of the samples consist of cuttings taken at various inter vals. Samples from the lower portions of many wells were ex amined in search of the first particles of non-sedimentary rock to appear. The depth at which the first igneous or metamorphic particles were found was taken as the approximate basement top.
A few chips of the crystalline material were selected from several samples, in most instances including the bottom-hole sample. Thin sections were made from representative particles chosen by binocular study.
If the sample contained no rock fragments large enough for sectioning, a portion of the sample was crushed by steel mortar and pestle, washed and screened to obtain clean particles be tween 120 and 200 mesh size. Portions of these particles were studied by the standard immersion procedures to obtain indices of refraction of the various mineral constituents. 
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fr.-c-rcni^pc_. . Taylor ;3-;'co:c; 'DeecttM j rYoyne -"--• r r' :f". , ___^-\ Special thanks are due Dr. H. Garland Hershey under whose direction the entire work on the crystalline rocks was done. His advice, as well as that of Dr. Charles N. Brown, has been most helpful as the research and writing of the report proceeded.
The study was aided greatly by funds made available to the writer by the Iowa Geological Survey for travel to Iowa City for the purpose of selecting' the sample materials and for the making of the thin sections.
Gratitude is expressed to the many companies and individual well drillers who have provided the Survey with sample mater ials, both cores and cuttings, from the deep wells. Without their cooperation, this study would not have been possible. Some of the Precambrian materials were relatively unaltered and undeformed, but most samples showed widespread altera tion, both weathering and hydrothermal, and also evidences of brecciation or microbreeciation. Neither foliation nor lineation was extensively developed. In many instances the cracks pro duced by deformation were healed by secondary carbonate de position. Granite has also been encountered at moderate depths in the northwestern part of the state. In Ida County granite was reached at a depth of 2,020 feet (568 feet below sea level), and granite has been reported at 1,320 feet (45 feet below sea level) in Plymouth County. In sharp contrast, near Clarinda. Page County, in southwestern Iowa, the granite is found at a depth of 5,206 feet (4,239 feet below sea level). However, this gran ite is considerably weathered and may represent a granite wash rather than a true Precambrian surface.
Granite, or a related silicic, granitic-textured rock was en countered in bottom-hole samples in 20 of the 38 wells from which samples are available, and granite is reported in 4 of the 7 additional wells that are listed as having reached basement complex, but for which no samples are available. In 4 of the 20 wells the samples contained fragments that were identified as biotite and oligoclase-bearing monozonite and another one con tained fragments of leucosyenite.
Biotite granite is the most common and widespread rock type, having been found in nearly all of the granite-bearing wells.
Most of the granites are altered, either hydrothcrmally or by weathering, or both. presence can be detected. Most of the samples are altered dia bases, for much of the feldspar has weathered to clay. If plagioclase laths were not observed, but the mineral composition was otherwise similar, the rock was identified as basalt. Some of the basalt was almost fine enough to be identified as devitrified basaltic glass. A few samples were sufficiently coarse grained to be classed as gabbro.
The area in which the basement is composed of mafic rock, insofar as can be outlined with present information, extends in a narrow arc-shaped zone from Decorah in Winneshiek County on the northeast where olivine gabbro was encountered, southwestward to Cerro Gordo, Webster, Boone and Dallas Counties.
Recent aeromagnetic studies indicate that the mafic body near
Decorah probably is not related to the mafic bodies to the south west. The mafic rock may be abundant southwest of these counties, but no deep wells have been drilled within 66 or more miles in that direction.
Diabase has been identified as the principal bottom-hole rock in 13 of the 38 wells for which samples are available. Olivine gabbro, occurring most probably as a sill, was found in one well, and some gabbro, basalt or diabase is present, mixed with other rock types in 5 other wells in the Manson area of Calhoun and Pocahontas Counties.
Most of the diabases are extensively altered, by weathering and hydrothermal or deuteric alteration, and replacement. One of the most extreme instances of decay of the mafic rock occurs in the Northern Natural Gas Company No. 1 Peterson well near Vincent in Webster County. The residuum of the crystalline rock, presumed to be mafic because of the high content of iron impregnating the clay, was so completely decayed that it was impossible to state with certainty that the original rock was diabase. A thin section made from core at 2,183 feet (about 1,040 feet below sea level) was largely very dark red to brownish-red iron-impregnated clay. There was more quartz in the thin sec tion than would be expected in diabase. However, the quartz, which was of two types, cryptocrystalline and consisting of chert, and crystalline milky to colorless quartz, was probably, at least in part, of secondary origin. Some of the quartz occurred as the filling in small, vug-like cavities. Because of the presence of abundant breccia in the U.S.G.S. core 2A (Pocahontas County), and if the mode of emplacement of these mixed and crushed rocks is considered to be cryptovolcanic (Hoppin and Dryden 1958, p. 698), it seems that a good term to apply to such cataclastic rocks might be cryptovolcanic breccia. If the cataclastic rock is of Impact origin, as more recent consideration of the structure suggests (Hoppin, oral communi cation, 1967), it might be termed a cryptoexplosion breccia. For that portion of the rock which is very fine grained with no pre ferred orientation of the grains and where no recrystallization is evident, the term cataclasite might be used. (table 1) . One slide was made from a sample of quartzite from 540 to 545 feet from Rock Rapids well No. 2 in Lyon County. The thin section con tained many grains that were well rounded, some almost per fectly round. The rounded grains are outlined by clay dust im pregnated by red hematite. The interstices are filled with color less quartz, mostly in optical continuity with each rounded grain that the quartz filling contacts, thus greatly reducing the ap pearance of grain roundness under crossed nicols. This sample of quartzite is rather pure quartz except for the hematitestained dust bordering many of the grains, a very few grains that are dusky and iron stained throughout, and two or three minute particles in the interstices that appear to be carbonate, but may be what Beyer (1897, p. 102) identified as sericite. Also, most of the quartz grains contain extremely small inclusions.
Samples taken from the Tiezen No. 1 Gisolf well in Lyon
County from a depth of 130 to 131 and 486 to 141 feet are not as pure quartz as the samples from the Rock Rapids wells. It is probable that the original sediment was arkosic, so that after alteration the quartzite is rather argillaceous with many dusky grains representing atleration products of feldspar. Some, but not nearly all, of the dusky grains are iron stained. Also, some of the quartz grains, instead of being optically continuous or exhibiting undulatory extinction, are composed of many very small quartz particles. The rock also contains some small par ticles of pyrite, and a considerable number of small, ragged, opaque particles that appear nearly pure white under reflected chiefly of feldspar and mica from 1,060 to 1,325 feet, and chang ing to micaceous schist from 1,325 feet to a total depth of 1,560 feet. On the basis of this log the top of the basement complex might be taken at 960 feet (315 feet above sea level) instead of the figure given in the body of the report where it was stated "the floor of crystalline rocks was unquestionably reached at 1,060 feet, or 215 feet above sea level." No further description is made of the gneiss and schist, but reference is made to the fact that the nearly five hundred feet of "sandstone" above the crystalline rocks may be comparable to the rhyolite-bearing quartzite found in the Hull city wells Nos. 1 and 2 in adjacent Sioux County, and that this material may be Precambrian, thus possibly placing the basement complex top at 810 feet above sea level.
Information on the Magee well is also meager. Miller and Norton (1912, p. 1,098) reported schist or gneiss in the Magee well at a depth of 1,160 feet, or 35 feet below sea level. For the depth range 1,160 to 1,260 feet they described the cuttings as "schist, soft, fine-grained; speckled with white and dark greengray; so friable that a microsection could not be obtained; when pulverized it is seen to be composed of quartz and chlorite."
About half of the total recovered core from the U.S.G.S. core No. 2A near Manson showed some gneissic characteristics. Of these foliated rocks, medium-to line-grained altered gneisses are the most abundant, making up 35 to 40 percent of the total 385 feet of crystalline rock penetration. The second most abundant is a granitic type of rock, making up about 30 percent of the total. About half of this is gneissic and the remainder shows no evidence of grain orientation. Dryden (1958) , in his study of the core from this hole, has given a rather complete account of the rock types, both igneous and metamorphic, typical of the Manson 
